INTRODUCTION
This paper presents some experimental data on the heats of combustion of benzoic acid and of carbon (graphite). The data on benzoic acid have already been referred to by Jessup [6] 1 in his report on the new value for its heat of combustion. The data on carbon (graphite) are being utilized in the selection of a new best value for the heat of formation of carbon dioxide [9] . 1 Figures in brackets indicate the literature references at the end of the paper.
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II. UNIT OF ENERGY, MOLECULAR WEIGHTS, ETC.
The unit of energy upon which the values reported in this paper are based is the international joule determined by the standards of r esistance (international ohms), electromotive force (international volts), and time (mean solar seconds) maintained at this Bureau [1] .
The atomic weights of oxygen, hydrogen, and carbon were tabn as 16 .0000, 1.0080, and 12.010, r espectively, from tha 1941 table of International Atomic Weights [2] .
The uncertainties assigned to the various quantities dealt with in this paper were derived, where possible, by a method previously described [3] .
Definitions of the symbols used are given in previous papers [4, 5] .
III. METHOD
The method used in the present mvestigation is described in the report on the heats of combustion of the normal paraffin hydrocarbons [5] .
IV. CHEMICAL APPARATUS, MATERIALS, AND PROCEDURE
SOURCE AND PURITY OF THE MATERIALS
The benzoic acid used in the combustion experiments of series I, II, III, IV, and V was NBS Standard Sample 39 e. The benzOIC acid used in the experiments on calorimeter system D was NBS Standard Sample 39 f. These samples have been described previously by Jessup [6] .
. The samples of artificial graphite and Buckingham natural graphite were from the same source as those measured by Jessup [10] . The artificial graphite was of "spectrographic" grade 2 and was reported by the maker (National Carbon Co.) to contain less than 0.001 percent of ash. The Buckingham natural graphite was purified by alternate treatments with hydrochloric acid and hydrofluoric acid by H. B. Knowles, of this Bureau. The effect of various purification treatments has been r eported by Jessup [10] .
PREPARATION OF THE SAMPLES FOR COMBUSTION
The benzoic acid (about 1.51 g per experiment) was tightly pressed into a cylindrical pellet one-half inch in diameter in a pellet press. The benzoic acid was weighed in the platinum crucible (mass 8.2 g) in which it was burned.
The artificial graphite was burned in the form of a powder and the Buckingham natural graphite in the form of fine flakes. In each case, a sample of about 1.23 g was placed in a pile in the platinum crucible (mass 8.2 g), or in one of two platinum dishes (mass 1.6 g or 0.7 g) in which it was burned .
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IGNITION OF THE SAMPLES
The samples were ignited in the bomb by a coil of 5 cm of Parr wire placed about 1 mm above the sample in the platinum crucible or dish [4] .
PURIFICATION OF THE OXYGEN
The oxygen for combustion was purified as described previously [4] .
EXAMINATION OF THE PRODUCTS OF COMBUSTION
" .
The products of combustion were examined as previously described [4] . No products of incomplete combustion were detected in the gaseous products from any of the experiments with benzoic acid or with graphite. In the experiments with graphite, a small amount (several milligrams) of the sample remained unburned.
DETERMINATION OF THE AMOUNT OF REACTION
For the combustion experiments on graphite, the amount of reaction was determined from the mass of carbon dioxide formed, with 44.010 g of carbon dioxide being taken as equivalent to 1 mole of carbon.
For the experiments on benzoic acid, the amount of reaction was determined from the mass of benzoic acid placed in the bomb, for the purposc of better comparison with the results of Jessup [6] . In addition, as a further check on the purity of the chemical reaction occurring in the combustion experiment, measurements of the carbon dioxide formed in the combustion in the bomb were made in two series of experiments with benzoic acid. The results of these measurements, giving the ratio of the mass of carbon dio:lride formed to the amount of carbon dioxide calculated stoichiometrically from the mass of sample, are as follows: V. CALORIMETRIC APPARATUS AND PROCEDURE
APPARATUS
The apparatus used in this work was the same as that described in references [4] and [5] . The calorimeter systems A, B, and a referred to in this report are identical with those described in reference [5] . For the later experiments on graphite, calorimeter system D was used, which differed from calorimeter system a only in the calorimeter heater. The latter consisted of a heating element ef about 150 ohms of manganin wire (No. 30 A WG) spiraled inside a copper tube onequarter inch in diameter and 6 feet long, with magnesia insulation. This heater turned out to be unsatisfactory for use in precise experiments with electric energy because the electrroal insulation was not good enough, and it was therefore used only to bring the calorimeter system to the proper starting temperature. On this account, the energy equivalent of calorimeter system D had to be determined in terms of that of calorimeter system G by the use of benzoic acid to obtain the ratio of the two energy equivalents.
DETERMINATION OF THE IGNITION ENERGY
The ignition energy was determined as described in reference f4).
CORRECTION FOR THE FORMATIO:ttr OF NITRIC ACID
The correction for the nitric acid formed in the reaction in the bomb was made as described previously [4, 5) .
ELECTRIC-ENERGY EQUIVALENT
The experiments made to determine the electric-energy equivalent of calorimeter systems A, B, and G are described in detail in reference (5) . The energy equivalent of calorimeter system D was determined in terms of that of calorimeter system G by the use of benzoic acid (NBS Standard Sample 39 e with calorimeter system G and NBS Standard Sample 39 f with calorimeter system D) to obtain the ratio of the two energy equivalents. These two samples of purified benzoic acid were essentially identical in purity, and Jessup found no significant difference in their heats of combustion (6).
COMBUSTION EXPERIMENTS
The procedure followed in performing the calorimetric combustion experiments is described in detail on pages 302 and 303 of reference [4] .
VI. RESULTS OF THE PRESENT INVESTIGATION
ELECTRIC-ENERGY EQUIVALENT
The electric-energy equivalents of calorimeter systems A, B, and G are given in reference f5]. The results of the experiments to determine the energy equivalent of calorimeter system D through its ratio to that of calorimeter system G, by the use of benzoic acid, are given in table 1. For convenience and clarity in presentation, the data are all reported in terms of the energy equivalent of calorimeter system G, and the following relations were used for the ratios of the energy equivalentR of the several systems: ------------- • NBS Standard Sample 39r. The results of five series of experiments on the combustion of benzoic acid are given in table 2, in which the symbols have the same meaning as before f4, 5], excep t that B' is the corrected rise in temperature of the standard calorimeter system, expressed in ohms on the given platinum r esistance thermometer, divided by the mass of benzoic acid. The results of the four series of experiments on the combustion of Buckingham natural graphite and artificial graphite are given in table 3.
COMBU STION E X P E RI MENTS
------- number benzoic k [{ U 6R, 6 " 6rfl acid • Standard A B C Mean deviation o[mean ------------------------------------
TABLE . 3.-Combustion experiments on graphite
Number of experi· ments .. 
Mass of Substance
Series ----carbon k K U AR. AT, AT. number dioxide formed a D ----- -------- V mi12-1
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As stated in the preceding section, all the foregoing values of B and B' are expressed in terms of the energy equivalent of system O.
VALUES OF THE HEATS OF COMBUSTION
The value of the heat evolved in the combustion of benzoic acid under the conditions of the bomb process, for 28° C, is the product of the mean value of B' (from table 2) and of E. (0), the energy equivalent of calorimeter system 0:
Conversion to 25° C, and the standard conditions of the bomb process [11] , by the use of the relation given in footnote 6, page 261, of reference [6], yields
'l'he value of the heat of combustion of graphite in the bomb process is the product of the mean value of B (table 3), the energy equivalent of calorimeter system 0, and the molecular weight of carbon dioxide [5] :
Conversion to -b.Hco at 25° C, which is the decrement in heat content with both reactants and the product in their thermo-dynamic reference states, yields The over-all uncertainty assigned to each final value above was taken as the square root of the sum of the squares of the following components, as appropriate: (a) Twice the standard deviation of the mean of ~he series of combustion experiments; (b) an uncertainty of 0.010 percent in the determination of the absolute value of the amount of reaction; (c) twice the standard deviation of the mean (or weighted mean) of the series of experiments to determine the energy equivalent; and (d) an uncertainty of 0.010 percent in the determination of the absolute value of the electric energy.
VII. DISCUSSION
The value for the heat of combustion of benzoic acid obtained in this investigation is in complete accord with that reported recently from this Bureau by Jessup [6] , the difference being 0.003 ±0.013 percent.
The value for the heat of combustion of graphite given here is slightly higher than that previously reported, and the data are being used in another report [9] , in conjunction with a recalculation of the data previously reported [10, 12, 13] , to obtain a selected "best" value for the heat of formation of carbon dioxide.
